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records for 1909, 1915, and 1919, and other important 1. A depression on the ocean between the Azores and 
matter for GaJveston, Tex., have been furnished by the t,he British Isles, and light northwest winds in the region 
district engineer at  Galveston, Tes. between the African coast and the depression. If the 

Automatic tide records at  Galveston for 1906, 1909, depression is int.ense, the s\dls will be correspondingly 
1916, 1917, and 1919, and important references have greater. These waves originating within the LOW require 
been furnished by the Superintendent and other officials from 2 to 5 days to reach the coast of Morocco. 
of the United States Coast and Geodetic Survey, Wash- 2. A depression moving eastward between the Azores 
in ton, D. C. ancl Port,ugal. In this case the swells are rarely large 

seports  from lighthouses in the Gulf, and the move- at  Cksablanca. They require from 24 to 48 hours to 
ment of buoys in. storms have been furnished by the reach the coast. 
Inspector of the L g h t  House District, New Orleans, La. 3. Secondary depressions arising from LOWS in the 

nort.11, moving soutliwtwd over western Europe from the 
BIBLIOQRAPHY. region of Norway and the British Isles, and giving rise to 

(Including publications not referrcd to in this paper.) depressions over the Medit.erranean. 
11. A swell is weakened or made ineffective a t  cas& 1) Cyclonic Storms in the Bay of Bengal, by John Eliot. 

Calcutta, 1900. blanca- 
(2) The Tides, by George H. Dnrwin, Cambridge, 159s. 

Chapter S. 
(4) Waves and Ripples, by J. A .  Fleming, London. 191% (-!hnpt.ers 1 

and 11. ISleS: 
(5) Modern Meteorology, by Frank Waldo, New Yolk, 1W3, 

Chapter V. 
(6) Waves of the Sea and Other Water Waves, by Vuugh:in 

Cornish, Chicago, Ill., 1910. 
(7) A Practical Manual of Tides and Waves, by W. 11. Wheeler, 

London, 1906. 
pearsonys Mapzine, jnlY, 1901, Kumatology or the Science 

of aves, by Marcus Tindall. 
(9) Nautical Msgszine, Vol. LSIV,  1895, has three papers by w. 

H. Wheeler on The Effect of a Gale Upon the Tides, on PP. 1% 
353, and 1041. 

by Col. F. V. Abbot, Effect of Storms on Tide Levels. etc., 1). 280. 
' 

(11) U. S. voast and Geodetic Survev Report for 1850,11) 271-2iP, 
h a  the follomng articles: Winds of Aibermarle Sound, discussion 
of their Effects Upon the Tides, by F. F. Pourtales. Winds in 
the Oulf of Mexico, b y  A. D. Bache. And Winds and Tides in 
Cat Island Harbor, by G. W. Dean. 

(12) U. 5. Coast and Geodetic Survey Report for 1557, p. 35-1-355, 
Winds on the Western Coast-Discussion, by A. D. d c h e .  

(13) Proceedings and Transactions of the Royal Society of Canads, 
h a  two articles by W. Bell Dawson aa follows: (a)  Meeting of May, 
1909, 3d series, Bul. 3, sec. 3, p. 179, The Effects of Wind on Cur- 
rents and Tidal Streams. ( b )  Meeting of September, 1910, 3d 
series, vol. 3, p. 8, sec. 3, Wind Disturbance. 

(14) British Association for the Advancement of Science, 1895, p. 795, 
by W. H. Wheeler, The Effects of Wind and Atmospheric Pressure 
on the Tides. 

(15) British Association for Advancement of Science, 1896, p. 503, 
by % . H. Wheeler and others, The Effect of Wind and Atmospheric 
Pressure on Tides. 

(16 Nature, vol. 56, May to October, 1897, p. 80, by F. L. Ortt, 
The Lffect of Wind and Atmospheric Pressure on Tides. 

(17) U. 5. Coast and Geodetic Survey Report for 1871, a pendir 6, 
p. 93, b Prof. William Ferrel, Meteorological Effect on fides. 

(18) The Wet Lands of Southern Louisiana and their Drain- 
age, b Charles W. Okey, Senior Drainye Engineer, Bulletin No. 655, 
U. 5. gepartment of Apcul ture ,  Waahingt.on, 1918 

(19) U. S. Monthly Weather Review, Washington, 1900, Septeni- 
ber; 1901, July; 1906, Se tember; 1909, July and Se tember; 1910, 
October; 1915, August a n 8  September; 1916. July anc7August; 1917, 
September; 1918, August; and 1919, September. 

(3) Elementary Meteorology, by Jv. &.I. Davis, B@st.on, 159.1, 1. nhen there is an mticyclone Over the region 
between the coast of Morocco ancl the depression. 

2. When the depressions pass north of the British 

3. In  the case where depressions descend upon Europe 
when passing between Norway and the British Ida. 

4. When an intense LOW with strong winds moves 
rapic]ly east\i7arcl. 

The forecasting of sffells can be either made directly at 
Casablanca by nieans of comparison of the daily wireless 
reports from Paris with those of the preceding day, or a t  
Pa&; t,he forecast itself can he forwarded to Casablanca. 

the proble'm, but that i t  is now possible to avoid such. 
catastrophes as have been experienced along the coast of 
Morocco.-C. L. M. 

(10) U. 5. Engineers Corps ProfeAonjl Me1iloin, vel. 5, 1913, The author consiclel.s that more study be g;ven 

MEAN SEA LEVEL. 
By D'A. W. THOMPSON. 

[*ktnretreprintedfromBCfenecdbstrarls 21,1919,'pp. Nov id%.] 29 1919,P.504. ArtidehNaurbAw 

The level of the sea, or more generally, the form of its 
surface, is the resultant of two kinds of forces after mere is the action 
of the sea currents and densities (intrinsic forces) ; and 
that of wind and barometric pressure (estrinsic forces). 
Witting thus summarizes the effects of the extmslc 
forces: (1) Every barometric distribution of any per- 
manency roduces a deformation of the surface of the 
sea. (2) !t'h e ascending slope so produced is not iden- 
tical in direction with the barometric gradient, but 
deviates to (3) 
The amount of slope is greater than that whch would 
correspond with the hydrostatic pressure, induced by the 
barometric distribution. nTith regard to the intrinsic 
forces we bow enougll to choose a point at sea where 
no movements are caused by the distribution of den- 
sities. This is the zero pressure level. A geodetic sur- 
face drawn through this point may be considered the 

MOROCCO. datum level. Proceeding outward from such a point, 
Witting has calculaled the hydrodynamical radient due 

ressures. He has found that levels thus calculated 
!or the Baltic area agree to a surprising closeness with 
the determinations of precise levels. 

difficulties. But assunling the coast from Wismar to 
Pillau has kept at  constant level, Witting mapped the 
changes in level in the Baltic from 1598 to 1912. Some 
minor fluctuations are relabed to seismic phenomena; 
e. g., there was an inteimption in the general upheaval 
at the time of the Scandinavian earth uake, 1904. For 

the eft'ect,s of the tides. 

rigllt in the Northern Helllis here. 

THE OF SWELLS ON THE COAST OF 

By LOUIS GAIN. 
[Abstracted from Revue g&eal des Scl-, July 1.5, 1919, pp. W l l . ]  

The great damage which was frequently wrought to 
ship ing along the coast of Morocco by great ocean swells 

studies have led him to the conclusion that these destruc- 
tive swells can be forecast from the pressure distribution 
in the portion of .the Atlantic to the east and northeast 
of Morocco. The conclusions, based 'upon the study of 
the effects of 210 low- ressure areas, are as follows: 

of- 

to densities, and added to i t  the effect o B barometric 

has f een the subject of a number of studies. The author's 

I. A swell produce i at Casablanca is' the consequence 

The question of secular changes of level is beset with 

some centuries past the elevation of t % e Fennoscandian 


